ABSTRACT: Amino acids exert nephroprotective effects in various forms of acute renal injury depending on their renal hemodynamic effects. The present study was designed to elucidate and compare the role of non hemodynamic mechanisms in protective actions afforded by glycine and L-arginine against cisplatin (CDDP)-induced nephrotoxicity using rat renal cortical slices (RCS). We have investigated the possible modulatory effect of glycine and L-arginine on oxidative stress and necrosis induced by CDDP as well as on CDDP uptake by kidney. After 4 h of incubation with 2 mM CDDP, nephrotoxicity was demonstrated by significant increased lactate dehydrogenase leakage, decreased ability of the slices to reduce 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, increased lipid peroxides and depleted reduced glutathione. Also, CDDP significantly inhibited pyruvate-stimulated gluconeogenesis. Histopathological examination of RCS confirmed the occurrence of tubular coagulative necrosis in cortex and corticomedullary regions. Preincubation of RCS with 1 mM glycine or L-arginine 1 h before CDDP addition significantly attenuated the oxidative stress and tubular necrotic effects of CDDP. L-Arginine showed greater antioxidant properties while glycine showed a greater antinecrotic effect. Moreover, the nephroprotective effect was mediated through lowering the platinum uptake by RCS. However, they could not counteract the inhibition of gluconeogenesis induced by CDDP. In conclusion, the present study sheds light on the mechanisms involved in glycine and L-arginine nephroprotection.
Introduction
Cisplatin (cis-diamminedichloroplatinum; CDDP) is an effective chemotherapeutic agent and is successfully used in the treatment of a wide range of tumors (1) . Its chief limit to greater efficacy, however, is its nephrotoxicity. Clinically, CDDP nephrotoxicity is often seen after 10 days of CDDP administration and is manifested as lower renal blood flow and glomerular filtration rate, high serum creatinine, and reduced serum magnesium and potassium levels (2) . The mechanism by which CDDP produces renal injury is not well understood. It is probably related to its preferential uptake by the proximal tubular cells especially in the S3 segment (3) . The renal microenvironmental changes following CDDP treatment is a complex process and could be broadly categorized into two distinct pathophysiological mechanisms. The first mechanism includes primary promoters of cellular damage such as inhibition of protein synthesis and depletion of glutathione and other protein-thiols while the secondary sequelae of established cell damage includes inactivation of transport proteins, lipid peroxidation and mitochondrial damage (4, 5) . In addition, the changes in renal hemodynamics were also found to play an important role in CDDP-induced nephrotoxicity (6) . CDDP toxicity in proximal tubules is characterized by tubular cell damage and subsequently, the injured renal tubules lose the ability to reabsorb water which lead to dehydration and loss of body weight (7) .
Several strategies have emerged to ameliorate CDDP nephrotoxicity. Concomitant administration of chemoprotective agents becomes an important approach (8) . For two decades, it has been proved that amino acids (9) and peptides derived from protein (10) possess vasodilatory effects on renal vessels and increase renal blood flow and glomerular filtration rate. Among nephroprotecive amino acids, glycine and L-arginine are of great importance. It was reported that glycine exerted a cytoprotective effect in various forms of acute renal injury; it protected against hypoxic injury to rabbit renal proximal tubular cells (11) , ouabaininduced injury in proximal tubule cells (12) and cyclosporine-induced cellular necrosis (13) . Similarly, Original Article DOI: 10.5582/ddt.v5. 1.32 L-arginine, a nitric oxide (NO) precursor, has been previously reported to have protective effects in drug induced renal injury where it was shown to attenuate renal dysfunction and oxidative stress in indomethacin (14) , gentamicin (15) , cyclosporin (16) , and iron (17) induced renal impairment in rats.
Regarding CDDP nephrotoxicity, few studies tried to ameliorate its nephrotoxicity using either glycine (18, 19) or L-arginine (20, 21) and they reported a hemodynamic nephroprotective mechanism involving NO production. However, this hemodynamic mechanism may not be the sole one, since the nephroprotective effects were partially blocked by co-administration of the NO synthase inhibitor; N G -nitro-L-arginine methyl ester (21) . In addition, D-arginine, which is not a substrate for NO and has no vasodilating effect, is also reported to ameliorate the renal dysfunction that is induced by CDDP (19, 22) . Thus, glycine and L-arginine might have nephroprotective effects against CDDP nephrotoxicity independent of their renal hemodynamic actions.
Therefore, the present study was designed to elucidate and compare the role of non hemodynamic mechanisms in protective actions afforded by both glycine and L-arginine against CDDP-induced nephrotoxicity. We have investigated the possible modulatory effect of glycine and L-arginine on oxidative stress induced by CDDP as well as on CDDP uptake by kidney. We used a renal cortical slices (RCS) model because it is easily prepared, manipulated and contains populations of cells targeted by platinum anticancer agents; furthermore it is not influenced by uncontrollable hormonal, neurogenic and hemodynamic factors (23, 24) .
Materials and Methods

Chemicals
CDDP was obtained from Merk Ltd., Cairo, Egypt. L-Arginine and glycine were obtained from Sigma-Aldrich, St Louis, MO, USA. Concentrations of the drugs used were selected as previously reported (25) as well as from pilot experimental trials of the present study. n-butanol, dimethyl sulfoxide (DMSO), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), 5,5'-dithiobis-2-nitrobenzoicacid (DTNB), ethylenediamine tetraacetic acid disodium salt (EDTA), D-glucose, N-(2-hydroxyethyl) piperazine-N'-2-ethanesulfonic acid (HEPES), 1,1',3,3'-tetramethoxypropane, potassium dihydrogen phosphate, reduced glutathione (GSH), trichloroacetic acid (TCA), thiobarbituric acid (TBA), and Triton X-100 were purchased from Sigma-Aldrich. All these chemicals were dissolved in incubation medium prior to use. Other chemicals were analytical reagents.
Animals
Male Sprague Dawley rats were obtained from the Nile Co. for Pharmaceuticals and Chemical industries, Cairo, Egypt. Animals were kept in the animal house of Faculty of Pharmacy, Ain Shams University, under suitable laboratory conditions on a standard diet and water ad libitum. The standard diet pellets were obtained from ElNasr Chemical Company, Cairo, Egypt. Animals were handled under a protocol of care of Animal Research Ethics Committee (Ain Shams University).
Preparation and incubation of RCS
RCS were prepared as described previously (25) . After fasting overnight, the animal was killed by decapitation, then kidneys were rapidly removed, decapsulated and placed into ice-cold saline. The slices (0.3-0.5 mm thickness) were prepared with a razor blade on a Petri plate in an ice-bath. The slices weighing 150-200 mg were loaded into an incubation fl ask with cap. Each fl ask contained 5 mL incubation medium (134 mM NaC1, 5.9 mM KCl, 1.5 mM CaCl 2 , 1.2 mM MgCl 2 , 11.5 mM glucose, and 5.8 mM HEPES buffer), gassed with pure oxygen. CDDP was added to the incubation medium to a fi nal concentration of 2 mM. The medium for control slices was free of CDDP. The RCS were incubated at 37°C on a horizontal shaker (100 cycle/min).
Experimental design
In order to establish the optimal experimental conditions, a time course study of CDDP nephrotoxicity as well as a dose response study of glycine and L-arginine nephroprotection was carried out by assessing membrane integrity using a lactate dehydrogenase (LDH) leakage test. Then, based on data obtained from the preliminary study, the mechanisms of nephroprotection of glycine and L-arginine were studied using 6 groups of RCS.
Time course study of CDDP-induced nephrotoxicity in rat RCS using LDH leakage method
RCS were incubated with 2 mM CDDP for different time intervals: 0.5, 1, 2, 3, 4, and 6 h. LDH leakage was assessed in the incubation medium according to the method described by Tietz (26) by measuring the rate of conversion of lactate to pyruvate and subsequent increase in the absorbance of nicotinamide adenine dinucleotide reduced form (NADH) formed at 340 nm.
Determination of the protective concentrations of glycine and L-arginine against CDDP-induced LDH leakage
RCS were incubated for 1 h with either glycine or L-arginine at different concentrations: 1, 2 and 4 mM. Then, 2 mM CDDP was added and the slices were incubated for 4 h to choose the optimum concentration of amino acid to be used in further studies. and blotted. The medium glucose content was spectrophotometrically determined using the glucose oxidase enzymatic assay (glucose assay kit) and expressed as mg/g tissue.
Determination of platinum content in RCS
Platinum content in RCS was determined as described previously (30) . After incubation of the slices, 1 mL of incubation medium of each sample was pipetted into a 10-mL centrifuge tube, and the volume of each sample was brought to 1.1 mL with bidistilled water. The solutions were diluted with four equal volumes (4.4 mL) of 1% Triton X-100 solution. After vortex-mixing for 30 sec, 20 μL of the diluted sample was injected into the furnace using the autosampler. The apparatus used was a model 975 flamless atomic absorption spectrophotometer. A wavelength of 265.9 nm with a lamp current of 10 mA and spectral bandwidth of 0.2 nm was employed. Also, a background correction was utilized.
Histopathological examination of RCS
After incubation, RCS were fi xed in 10% formol saline for 24 h and then washed in tap water. Serial dilutions of alcohol (methyl, ethyl and absolute ethyl) were used for dehydration. Specimens were cleared in xylene and embedded in paraffi n at 56°C in a hot air oven for 24 h. Paraffin bees wax tissue blocks were prepared for sectioning at 4-μm thickness using a slidge microtome. The tissue sections obtained were collected on glass slides, deparaffinized, and stained with hematoxylin and eosin stains for histopathological examinations with a light microscope.
Statistical analysis
Data are presented as mean ± S.E.M. An unpaired t-test was used to compare two different treatment groups. Multiple comparisons for more than two treatment groups were carried out using one way analysis of variance (ANOVA) followed by the Tukey-Kramer test as post-hoc analysis. Statistical significance was acceptable at a level of p < 0.05. Analysis of data was performed using GraphPad INSTAT. Tables and graphs were prepared using Prism software ver. 5 (GraphPad Software, San Diego, CA, USA).
Results
Cytotoxicity markers
First, CDDP-induced toxicity to the slices was determined by measuring LDH leakage from RCS. There was a time-dependent increase in LDH leakage and it was significantly increased as early as 1 h of
Assessment of protective mechanisms of glycine and L-arginine against CDDP-induced renal injury
Rat RCS were classifi ed into 6 groups (fi ve sets/group); control, CDDP (2 mM), glycine (1 mM), L-arginine (1 mM), CDDP + glycine, CDDP + L-arginine. Amino acids were added 1 h before CDDP.
Assessment of CDDP-induced cytotoxicity in RCS
CDDP-induced cytotoxicity in RCS was examined by MTT assay (27) . Briefl y, after 4 h of CDDP incubation, the slices were blotted with fi lter paper and incubated in 4 mL of a second incubation medium containing MTT (1.25 mg/mL; 3 mM fi nal concentration) at 37°C for 30 min. The slices were homogenized in 5 mL distilled water at 7,000 rpm for 1 min and centrifuged at 5,000 rpm for 5 min to remove particulate matter. An aliquot (0.25 mL) of the resulting supernatant of each group was added to a microcentrifuge tube and 0.5 mL DMSO was added to each tube followed by 0.5 mL glycine buffer (pH 10.5) containing 0.2 M glycine and 0.1 M NaCl. After mixing, the absorbances were measured at 570 nm. The results were expressed as optical density OD/mg wet tissue.
Determination of lipid peroxides and GSH content in RCS
After incubation, RCS were removed, rinsed, blotted, and homogenized with saline at a ratio of 1:10 (w/v). Lipid peroxides were assessed by measuring malonaldehyde content using TBA assays (28) . Briefly, an aliquot of 0.5 mL of the homogenate was pipetted into a 10-mL centrifuge tube followed by the addition of 2.5 mL of 20% TCA and 1 mL of 0.67% TBA. The mixture was heated for 15 min in a boiling water bath. After cooling, 4 mL of n-butanol was added and mixed vigorously. After centrifugation, the supernatant was read at 532 nm spectrophotometrically. Malonaldehyde concentration was calculated using a standard curve of 1,1,3,3-tetraethoxypropane and was expressed as nmol/g tissue. To determine GSH, 0.5 mL of homogenate was added to a tube with 0.5 mL 10% TCA. The tubes were gently shaken intermittently for 15 min followed by centrifugation at 2,000 rpm for 5 min. A 0.2 mL aliquot of the resulting supernatant was added to a tube containing 1.7 mL phosphate buffer and 0.1 mL 5,5'-dithio-bis-(2-nitrobenzoic acid), then mixed and read at 412 nm within 5 min (29).
Measurement of pyruvate stimulated gluconeogenesis in RCS
The slices were incubated in an incubation medium which contained 10 mM pyruvate instead of glucose according to the study of Zhang et al. (25) . After incubation, the slices were removed from the medium CDDP incubation. After 4 and 6 h of incubation, LDH leakage was significantly increased by about 2-fold as compared to the control value and therefore, the time interval 4 h was chosen for further studies (Figure 1) . Preincubation of the slices with different concentrations (1, 2, and 4 mM) of either glycine or L-arginine, 1 h before CDDP addition, nearly normalized the values of LDH leakage. The protective effect of glycine and L-arginine was not concentration-dependant as there is no significant difference between the effects of different concentrations of amino acids (Table 1) . Therefore, the lowest concentration (1 mM) was chosen for further studies.
Second, the MTT assay was used to assess cell damage as shown in Figure 2 . After 4 h, CDDP significantly decreased the ability of the slices to reduce MTT and the absorbance was decreased to 56% of the control value. On the other hand, the slices incubated with L-arginine alone showed a significant increase in the ability of the RCS to reduce MTT and the absorbance was increased to 121% of the control value.
Incubation of RCS with glycine alone did not show any significant change in MTT reduction as compared to the control group. Pre-incubation of RCS with either glycine or L-arginine, 1 h before CDDP addition, significantly counteracted the decrease in MTT reduction induced by CDDP reaching approximately 70% of the control value.
Oxidative stress markers
RCS content of GSH for the control group was 5.5 ± 0.07 μmol/g wet tissue (Table. 2). Incubation of RCS with either glycine or L-arginine alone revealed no significant change in GSH content as compared to the control group. On the other hand, incubation of RCS with CDDP alone for 4 h significantly depleted GSH content to 58% of the control value. Pre-incubation of the slices with 1 mM glycine or L-arginine for 1 h before CDDP addition, significantly counteracted the effect of CDDP. Glycine and L-arginine increased the GSH content to about 76% and 90% of the control group, respectively ( Table 2) .
Regarding kidney lipid peroxides, the control level was 44.5 ± 0.56 nmol/g wet tissue ( Table 2) . Incubation of RCS with CDDP significantly increased the level of lipid peroxides reaching 131% of the control group. Pre-incubation of RCS with either glycine or L-arginine significantly normalized the level of lipid peroxides to 110 and 108% of the control group, respectively ( Table  2 ). The RCS incubated with either glycine or L-arginine alone revealed no significant change in lipid peroxides level compared to the control group.
Co-incubation of RCS with pyruvate, a substrate of gluconeogenesis, in the presence of CDDP
35
RCS were incubated at 37°C in medium containing CDDP (2 mM) with or without different concentrations of glycine or L-arginine. Amino acids were added 1 h prior to CDDP. For the control group, the RCS were incubated in the medium without any drugs. LDH leakage was measured after 4 h of CDDP addition. Each value represents a mean of 5 sets of rat RCS ± S.E.M. a and b are signifi cantly different from control or CDDP group, respectively, at p < 0.05 using ANOVA followed by Tukey-Kramer as a post Hoc test. showed a marked depression of pyruvate-stimulated gluconeogenesis to 34% of the control value ( Table 2) . On the other hand, neither glycine nor L-arginine had a significant effect on the gluconeogenic capacity of RCS. Addition of either glycine or L-arginine 1 h before CDDP did not show any protective effect on CDDP-induced inhibition of gluconeogenesis.
CDDP uptake by renal cortical slices
In order to know whether the studied amino acids influenced uptake of CDDP by RCS, CDDP concentration in the medium was determined and subtracted from the original amount of CDDP added to the medium. The platinum content in the RCS incubated with CDDP alone was 2.23 ± 0.07 mg/g wet tissue. Preincubation of RCS with either glycine or L-arginine significantly decreased the kidney content of platinum to 86 and 91% compared to the CDDP group (Figure 3 ).
Histopathological examination of RCS
Histopathological examination of kidney specimens revealed normal renal glomeruli and tubules in the control group (Figures 4A and 4B) . Also, RCS incubated with either glycine or L-arginine alone did not show any significant histopathological changes compared to the control group. On the other hand, RCS incubated with CDDP for 4 h showed tubular degeneration which varied according to kidney zone. Coagulative necrosis was observed in the tubular lining epithelium at the cortex and corticomedullary junction (++++) (Figures 4C and  4D ). Coagulative necrosis is an irreversible grade of necrotic cell death and tubular cells could not regenerate after removal of toxic insult (Table 3) .
Pre-incubation of slices with glycine 1 h prior to CDDP addition ameliorated the histopathological changes induced by CDDP. Most of the renal tubules and glomeruli in the cortex were intact while other few tubules showed nuclear pyknosis at the cortex (++) as well as the corticomedullary junction (+) and medulla ( Figures 4E and 4F) . Pyknosis is the first stage in tubular degeneration, in which nuclei showed chromatin condensation without chromatolysis. Also, pre-incubation 36 of slices with L-arginine 1 h prior to CDDP addition showed nephroprotective and antinecrotic effects but to a less degree as compared to the glycine effect (Table 3 ; Figures 4G and 4H ).
Discussion
The present study was designed to elucidate and compare the role of non hemodynamic mechanisms in protective actions afforded by glycine and L-arginine against CDDP-induced nephrotoxicity. The first point discussed was assessment of CDDP nephrotoxicity using LDH leakage; a sensitive indicator for cell damage (23) . It was found that both glycine and L-arginine significantly protected against CDDPinduced LDH leakage and loss of cell viability as measured by the MTT assay. These findings add further evidence for the potential cytoprotective effects of these amino acids. Since MTT is mainly reduced by the mitochondrial dehydrogenases (27) , enzymes that were inhibited directly by CDDP after incubation with RCS (31), our findings give evidence that both amino acids could ameliorate CDDP-induced mitochondrial toxicity.
RCS were incubated at 37°C in medium containing CDDP (2 mM) and/or glycine or L-arginine (1 mM). Amino acids were added 1 h prior to CDDP. For the control group, RCS were incubated in the medium without any drugs. Lipid peroxides, GSH and glucose were measured after 4 h of CDDP addition. Each value represents the mean of 5 sets of rat RCS ± S.E.M. a and b are signifi cantly different from control or CDDP group, respectively, at p < 0.05 using ANOVA followed by Tukey-Kramer as a post Hoc test. It is well known that the cellular response toward CDDP induced damage could lead to cell death either by apoptosis or necrosis. The type of cellular injury induced by CDDP depends on the extent of damage to proteins or molecules involved in the apoptotic pathway (32) . To clarify the protective role of glycine and L-arginine in CDDP induced cell death, histopathological examination was performed and revealed that CDDP produced marked coagulative necrosis in the tubular epithelium of the cortex and corticomedullary region and these results are in accordance with previous studies (24, 33) . Furthermore, histopathological examination did not reveal apoptosis or apoptotic bodies, a finding that may indicate sever cellular damage of proteins or molecules involved in the apoptotic pathway resulting in unfinished apoptosis or necrosis (32, 34) . Regarding amino acids, glycine was found to be more effective than L-arginine in protection against CDDP induced necrosis at the cortex as glycine was capable of converting CDDP induced damage from coagulative necrosis to tubular degeneration and the first stage of nuclear necrosis; pyknosis. At the tubular degeneration stage, the kidney can regenerate its normal structure after CDDP treatment stoppage. In contrast, both of these amino acids have the same effect in the corticomedullary region. Despite the fact that the underlying mechanism of CDDP-induced nephrotoxicity is still not clear, the avidity of platinum for sulphur containing ligands has been proposed in the hypothetical mechanisms explaining the nephrotoxicity of CDDP. The depletion of mitochondrial GSH is considered as an early and critical event during CDDP-induced lipid peroxidation and subsequent toxicity (25, 35) . In the present study, it was found that, CDDP induced a significant depletion of GSH concomitant with a significant elevation of lipid peroxides, which is in accordance with previous invitro studies (31, 36) ; these findings add further evidence for the role of oxidative stress in CDDP-induced renal toxicity. Pre-incubation of RCS with either glycine or L-arginine significantly counteracted the effect of CDDP and restored the normal level of both GSH and lipid peroxides. The antioxidant properties of glycine (37, 38) and L-arginine (21, 39) had been previously reported in several oxidative stress situations. Although, glycine is a direct precursor of GSH, L-arginine showed a significant protective effect on GSH as compared to glycine effect. In an experiment with hypoxic proximal tubular cells, Weinberg and co-workers (40) observed that cytoprotection provided by glycine was accompanied by a preservation of cellular GSH and ATP levels. However, the depletion of GSH content or ATP levels of renal tubular cells did not reduce the cytoprotective activity of glycine. Therefore, they suggested that glycine might have a direct cytoprotective effect.
Table 2. Effect of CDDP and/or glycine or L-arginine on lipid peroxides, GSH, and pyruvate-stimulated gluconeogenesis in RCS
Besides the oxidative stress markers; pyruvatestimulated gluconeogenesis was measured in RCS.
Co-incubation of RCS with pyruvate, a substrate of gluconeogenesis, in the presence of CDDP showed marked depression of pyruvate-stimulated gluconeogenesis which reached 32% of the control value and theses results are in accordance with other previous studies performed in vitro (25) . Addition of either glycine or L-arginine 1 h before CDDP did not show any protective effect on CDDP-induced inhibition of gluconeogenesis. Although glycine and L-arginine are gluconeogenic amino acids in kidney metabolism leading to a precursor for gluconeogenesis (41, 42) , in the present study, they did not show any protective effect against CDDP induced inhibition of gluconeogenesis. These findings may indicate the existence of different mechanisms of CDDP induced nephrotoxicity beside free radical formation and oxidative stress. Indeed, previous studies are controversial concerning the role of oxidative stress in gluconeogensis and whether we can use the inhibition of gluconeogensis as a marker of oxidative stress or not. Zhang et al. (25) proposed that GSH depletion might be responsible for inhibition of the activities of the relevant gluconeogenic enzymes, e.g. phosphoenolpyruvate carboxykinase, glycerol-3-phosphate dehydrogenase, and glucose-6-phosphatase. On the other hand, Hannmann and Baumann in two serial studies (43, 44) , proposed that direct inhibition of the gluconeogenic enzyme glucose-6-phosphatase by CDDP or its metabolites might play a role in inducing the decrease of gluconeogenesis away from GSH depletion and oxidative stress effects of CDDP.
Finally, we tried to answer the question of whether nephroprotection can be achieved by inhibiting CDDP uptake by RCS in the presence of amino acids, either glycine or L-arginine. Since several investigators have observed a correlation between platinum levels and in-vitro toxicity (45) , it is believed that the targeted inhibition of CDDP accumulation in renal cells could lead to a new therapeutic approach to preventing CDDP nephrotoxicity. In the present study, CDDP concentration in the medium was determined and subtracted from the original amount of CDDP added to the medium. The platinum content in the RCS incubated with CDDP alone was 2.23 ± 0.07 mg/g wet tissue. Our results are in agreement with Zhang et al. (25) and Saleh et al. (46) . Preincubation of RCS with glycine or L-arginine 1 h before CDDP addition showed a significant decrease in the kidney content of platinum to be 86 and 91%, respectively, as compared to the CDDP group, a finding that reflects the possible inhibition of CDDP uptake in the putative mechanisms of nephroprotection afforded by both glycine and L-arginine.
Indeed, transporter mediated uptake is likely the major pathway in renal cells. The organic cation transporter (OCT 2) is the critical transporter for CDDP uptake in proximal tubules in both animals and humans (47) . They mediate the basolateral-to-apical transport of several cationic compounds in renal tubular cells (48) . On the basis of active transport of CDDP, cimetidine, an inhibitor of OCTs, could prevent CDDP-induced proximal tubule cell cytotoxicity or apoptosis (49) . One study has been conducted on glycine, Heymen et al. (50) reported that the infusion of glycine into the rats 15 min before CDDP injection attenuated the early accumulation of platinum in the kidney, and may explain the protective effect of glycine. The results of this study confirmed the role of a hemodynamic effect of glycine, possibly through increasing renal blood flow and glomerular filtration rate and so accelerating CDDP excretion. Although, glycine is also actively transported by renal cells (51), it is not known whether it utilizes the OCT or not. As we mentioned before, RCS is a good model for studying CDDP nephrotoxicity because it contains populations of cells targeted by platinum anticancer agents and is not influenced by uncontrollable hormonal, neurogenic and hemodynamic factors. Therefore, the present study demonstrated that the decrease in CDDP uptake could be a direct effect of glycine on CDDP transportation. Further studies are warranted to explore whether glycine can affect the OCT carrier. On the other hand, in reviewing the literature, nothing concerning the effect of L-arginine on CDDP uptake by kidney has been reported. Thus, the findings of the present study add another new mechanism for L-arginine nephroprotection by reducing CDDP uptake. It is important to mention that L-arginine uptake was proven to be mediated through the cationic amino acid transporter (52) and so, it might interfere with CDDP uptake by the cationic transporters.
In conclusion, the present study clearly demonstrates that glycine and L-arginine could be promising drugs as nephroprotectors against CDDP-induced nephrotoxicity. Furthermore, this study sheds light on the mechanisms involved in their nephroprotection. They guard against oxidative stress induced by CDDP by restoring cellular defense mechanisms, replenishing kidney GSH content and normalizing lipid peroxidation. Also, the nephroprotective effect was mediated through lowering platinum uptake by the kidney tissue. Furthermore, they could ameliorate necrosis or renal tubule damage induced by CDDP. L-Arginine showed greater antioxidant properties while glycine showed greater antinecrotic effects. Further investigations are clearly warranted to establish the clinical applicability of these amino acids in patients with nephrotoxicity associated with CDDP administration and to explore possible interference of the antitumor activity of CDDP.
